Background: Aspiration pneumonia is the most common cause of death in patients with percutaneous endoscopic gastrostomy (PEG) and nasogastric tube (NGT) feeding. This study aimed to compare PEG versus NGT feeding regarding the risk of pneumonia, according to the severity of pooling secretions in the pharyngolaryngeal region. Methods: Patients were stratified by endoscopic observation of the pooling secretions in the pharyngolaryngeal region: control group (<25% pooling secretions filling the pyriform sinus), pharyngeal group (25-100% pooling secretions filling the pyriform sinus), and laryngeal group (pooling secretions entering the laryngeal vestibule). Demographic data, swallowing level scale score, and pneumonia requiring hospital admission were recorded. Results: Patients with NGT (n = 97) had a significantly higher incidence of pneumonia (episodes/person-years) than those patients with PEG (n = 130) in the pharyngeal group (3.6 ± 1.0 vs. 2.3 ± 2.1, P < 0.001) and the laryngeal group (3.8 ± 0.5 vs. 2.3 ± 2.2 vs, P < 0.001). The risk of pneumonia was significantly higher in patients with NGT than in patients with PEG (adjusted hazard ratio = 2.85, 95% CI: 1.46-4.98, P < 0.001). Cumulative proportion of pneumonia was significantly higher in patients with NGT than with PEG for patients when combining the two groups (pharyngeal + laryngeal groups) (P = 0.035). Conclusion: PEG is a better choice than NGT feeding due to the decrease in risk of pneumonia requiring hospital admission, particularly in patients with abnormal amounts of pooling secretions accumulation in the pyriform sinus or leak into the laryngeal vestibule.
Introduction
Percutaneous endoscopic gastrostomy (PEG) and nasogastric tube (NGT) feeding are widely used for delivering enteral nutrition to patients with dysphagia [1, 2] . Current guidelines recommend PEG for long-term and NGT for short-term enteral nutrition [3] [4] [5] . However, patients are commonly placed on NGT for long-term enteral feeding in Asian countries [6] [7] [8] .
Aspiration pneumonia is the most common cause of death in patients with PEG and NGT feeding [9, 10] . Meta-analyses of pneumonia risk did not observe that patients with NGT were at higher risk than those with PEG, but these results may be due to high levels of statistical heterogeneity between studies [2, 11, 12] . Subgroup analysis is required to explore the variation across studies. Oropharyngeal dysphagia has been identified as a serious risk factor for patients developing aspiration pneumonia [13, 14] . Endoscopy allows for direct observation of food accumulation in the pyriform sinus and other risks such as food entering below the vocal cords, which is common with oropharyngeal dysphagia [15] [16] [17] . With upper gastrointestinal (UGI) endoscopy, clinicians can observe the amount and location of accumulated pooling secretions in the pharyngolaryngeal region [17] [18] [19] [20] .
The aim of this study was to compare the risk of developing pneumonia requiring hospital admission between individuals using PEG versus NGT for long-term feeding according to UGI endoscopic observation of the severity of pooling secretions in the pharyngolaryngeal region.
Materials and Methods

Study Design
Between January 2015 and December 2018, UGI endoscopy was performed to evaluate the severity of pooling secretions in the pharyngolaryngeal region in consecutive patients needing tube feeding for more than 4 weeks. Follow-up data were collected regarding subsequent pneumonia that required hospitalization. Patients were excluded due to age less than 20 years, pregnancy, or poor pharyngolaryngeal observations during endoscopy. The present study was approved by the Institutional Review Board of Tri-Service General Hospital, Taiwan. The patients were informed of the details of this study and allowed to participate after providing written informed consent.
Demographic and Clinical Data
Basic and clinical patient characteristics were recorded, such as age, gender, body mass index, serum albumin levels, reasons for tube feeding, duration of tube feeding, swallowing level scale score, and pneumonia requiring admission. The swallowing level scale score was assessed using the American Speech-Language-Hearing Association National Outcome Measurement System [21] . The swallowing level scale scores range between 1-7, with lower numbers indicating greater oral intake limitation and increased risk of pneumonia. Specifically, swallowing level scale scores between 1 and 3 are typically seen in tube-dependent patients, and those between 4 and 7 are usually seen in those on total oral intake. Pneumonia was diagnosed based on radiological evidence of pulmonary consolidation, serum white cell count >10,000/mm 3 , temperature >38 • C, shortness of breath, and required hospital admission [22] .
UGI Endoscopy with Pharyngolaryngeal Observations
The choice of premedication was dependent on the preference of the endoscopist. Most of the endoscopic procedures were performed using topical anesthesia without intravenous sedation. Patients fasted for at least 4 h and were placed in the left lateral decubitus position. The tip of the UGI endoscope was inserted through a mouthpiece with its axis aligned with that of the patient's esophagus. With advancement of the endoscope along the midline of the palate, the uvula could be visualized over the base of the tongue. The scope was rotated a little, past the uvula, and gently advanced with anterior flexion to visualize the pyriform sinus, laryngeal vestibule, vocal cords, and upper part of the trachea (Figure 1 ). A digital video recorder (HVO-550MD; Sony, Tokyo, Japan) was connected to the monitoring system of the endoscope.
Patients were evaluated according to the endoscopic observation of the amount and location of accumulated pooling secretions in the pharyngolaryngeal region ( Figure 2 ) [23] [24] [25] . The severity of pooling secretions in the pharyngolaryngeal region was stratified into 3 groups: control group (<25% of pooling secretions filling the pyriform sinus), pharyngeal group (25-100% of pooling secretions filling the pyriform sinus but not entering the laryngeal vestibule), and laryngeal group (pooling secretions entering the laryngeal vestibule) [17] . 
Statistical Analysis
Statistical analyses were performed using SPSS 22.0 (IBM Inc., Armonk, NY, USA). Parametric continuous data were compared by analysis of variance (ANOVA). Categorical data were compared using the χ 2 test and Yate's correction or Fisher's exact test. Regression analyses were performed to calculate the adjusted odds ratios with 95% confidence intervals (CI) for the risk associated with pneumonia. Multivariate regression analyses were used to assess the risk of pneumonia with adjustment for the age, gender, body mass index, serum albumin levels, reasons for tube feeding, duration of tube feeding, and swallowing level scale score as potential confounding factors. P value < 0.05 was considered statistically significant.
Results
Demographic and Clinical Data
Patients with PEG (n = 130) and NGT (n = 97) for long-term enteral feeding were enrolled (Table 1 ). There were no significant differences between the baseline characteristics of the PEG and NGT groups, regarding age, gender, body mass index, serum albumin level, duration of tube feeding, swallowing level scale score, reasons for tube feeding, severity of pooling secretions, occurrence of pneumonia, and incidence of pneumonia requiring hospital admission. Statistical analysis associations of NGT or PEG according to the severity of pooling secretions are given in Table 2 . There were no statistically significant associations between the presence of NGT or PEG with the severity of pooling secretions in the pharyngolaryngeal region. 
Incidence of Pneumonia
The incidence of pneumonia requiring hospital admission in patients with NGT and PEG long-term tube feeding was analyzed by subgroup according to severity of pooling secretions (Table 3) . The incidence of pneumonia (episodes/person-years) was significantly higher in patients with NGT versus PEG for the patients in the pharyngeal group (3.6 ± 1.0 vs. 2.3 ± 2.1, P < 0.001) and the laryngeal group (3.8 ± 0.5 vs. 2.3 ± 2.2 vs, P < 0.001), but not for patients in the control group (2.1 ± 0.5 vs. 1.8 ± 1.7, P = 0.362). 
Risk Factor of Pneumonia
Multivariable regression analysis (Table 4 ) demonstrated that the risk of pneumonia requiring hospital admission was significantly higher in patients with NGT compared to patients with PEG (adjusted odds ratio = 2.85, 95% CI: 1.46-4.98, P < 0.001). The risk of pneumonia was significantly lower in patients with esophageal disorders (adjusted odds ratio = 0.35, 95% CI: 0.17-0.77, P = 0.010), but significantly higher in patients with neurological disorders (adjusted odds ratio = 1.27, 95% CI: 1.09-2.31, P = 0.042) and head and neck tumors (adjusted odds ratio = 1.34, 95% CI: 1.10-2.45, P = 0.038). The risk of pneumonia was significantly increased in both the pharyngeal group (adjusted odds ratio = 1.25, 95% CI: 1.03-2.10, P = 0.048) and the laryngeal group (adjusted odds ratio = 1.79, 95% CI: 1.18-2.30, P = 0.017), compared to the control group.
Cumulative Proportion of Pneumonia
From the Kaplan-Meier estimate, the cumulative proportion of pneumonia (%) requiring hospital admission in patients with NGT was slightly higher than those with PEG, but did not reach statistical significance, P = 0.671. The cumulative proportion of pneumonia in all three groups (laryngeal, pharyngeal, control) in patients with NGT was slightly higher than those with PEG, but it did not reach statistical significance (P = 0.067, P = 0.345, and P = 0.792, respectively) ( Figure 3 ).
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Discussion
To our knowledge, this is the first study to demonstrate: (a) a significantly higher incidence of pneumonia in patients with NGT than in PEG for abnormal amounts of pooling secretions accumulation in the pyriform sinus (pharyngeal group) or leak into the laryngeal vestibule (laryngeal groups), (b) a significantly higher risk factor for the pneumonia in patients with NGT than in PEG, and (c) a significantly higher cumulative proportion of pneumonia in patients with NGT than in PEG for patients in the pharyngeal and laryngeal groups compared to control.
Traditional diagnosis of oropharyngeal dysphagia is reached by clinical feeding evaluation, along with either fiberoptic endoscopic evaluation of swallow (FEES) or videofluoroscopic evaluation of swallow [26] . Symptoms of oropharyngeal dysphagia include coughing, choking, drooling, and regurgitation when swallowing liquids or solid food [19] . Absence of cough and airway protective responses renders oropharyngeal aspiration difficult to detect [27] . Lack of access to these tools often results in underrating or even neglecting the issue of dysphagia [28] . There is a need for a practical tool, such as UGI endoscopy with pharyngolaryngeal observations, for every patient with long-term tube feeding who is at risk of aspiration pneumonia. UGI endoscopy with pharyngolaryngeal observations is modified from FEES and has three advantages over FEES for the patients on long-term tube feeding.
(A) Patients do not need to have sufficient cognitive and physical skills: FEES can be carried out only when the patient has sufficient cognitive and physical skills to undergo testing with a modified texture of food or liquid [20, 29] . UGI endoscopic pharyngolaryngeal observations can be routinely used for patients who do not have sufficient cognitive abilities, especially for many tube-feeding patients with concomitant advanced neurological diseases such as stroke, dementia, and Parkinson's disease.
(B) Left lateral decubitus vs. upright position: Patients were placed in the left lateral decubitus position during the UGI endoscopy with pharyngolaryngeal observations, which differs from the upright position with an adjustable chair used in FEES [25, 30] . UGI endoscopy provides clinical information closer to the patient's real-world situations, especially for those patients lying in bed or with neurological conditions. When patients are placed in the left lateral decubitus position, endoscopic observation of the accumulated pooling secretions might fill the lowermost area of the right side of the pyriform sinus, leak into the laryngeal vestibule or vocal cords, and flow into the left side of the pyriform sinus ( Figure 2C,D) .
(C) Fasting vs. test foods challenge: Patients were fasted before and during the UGI endoscopy with pharyngolaryngeal observations. FEES requires a feeding challenge with test foods of different consistencies. Daily production of 1000-1500 mL of saliva may transiently present in the oral cavity [18] . For patients with normal swallowing function, pooling secretions can be minimized by swallowing multiple times. UGI endoscopy is widely used for diagnosis or treatment for dysphagic patients who need long-term tube feeding. UGI endoscopic pharyngolaryngeal observations allow for direct observation of abnormal pooling secretions in the pharyngolaryngeal region, and indicate which patients may be at the risk for the subsequent development of aspiration pneumonia during long-term tube feeding.
A Cochrane systematic review and meta-analysis of the impact of PEG versus NGT feeding for 645 adults with swallowing disturbance did not favor PEG for improved pneumonia outcomes due to high levels of statistical heterogeneity (I 2 = 81%) [2] . To address heterogeneity, subgroup analyses was performed in this study. PEG versus NGT were well-matched in terms of the age, gender, body mass index, serum albumin level, swallowing level scale score, and reasons for tube feeding. Comparing PEG and NGT, we found that the incidence of pneumonia and cumulative proportion of pneumonia were significantly higher in patients with oropharyngeal dysphagia, but not in patients without oropharyngeal dysphagia (control group). This result suggests that risk of pneumonia favors PEG over NGT in patients with oropharyngeal dysphagia.
The development of aspiration pneumonia depends on the cough reflex, volume and pH level of aspirated material, and the integrity of the immune system [27] . NGT that passes through the gastroesophageal sphincter may increase gastroesophageal reflux [31] and NGT that passes through the upper esophageal sphincter may interfere with the protective cough reflexes, thereby increasing the risk of aspiration [32] [33] [34] .
Limitations: First, randomized controlled trials are ideal when comparing interventions, but given ethical and logistical challenges, randomized trials on enteral feeding are unlikely to be performed in current clinical practice [35] . Aspiration pneumonia occurs when food, saliva, pharyngeal secretions, or gastric contents are breathed into the lungs [8, [36] [37] [38] . Therefore, the degree that the aspiration of colonized oropharyngeal contents contributes to pneumonia is uncertain [39, 40] . It was not possible to identify the cause of pneumonia that required admission; rather, it was the reflux of gastric contents or oropharyngeal pooling secretions. Finally, this study was performed at a single tertiary care hospital, so generalizability may be limited due to small sample size. One of this study's strengths is that the long follow-up period may help reduce this potential effect.
Conclusions
PEG is a better choice for long-term tube feeding compared to NGT due to the decreased risk of developing pneumonia requiring hospital admission, especially for patients with abnormal amounts of secretions accumulation in the pyriform sinus or leak into the laryngeal vestibule. These findings are useful in the development of clinical guidelines and to inform discussions among health care providers, patients, and family members with regards to long-term feeding methods.
